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Abstract 
Mobile communications are part of our everyday life. The non-ideal environment which is filled with many attenuation 
factors affects the electromagnetic waves, which radio communication depends. This study considers the spectral range of 
1 and 3GHz. At these frequencies, interesting phenomena due to rain are supposed to happen. The study of this 
frequency spectrum has been undertaken in an attempt to evaluate the frequency dependence of rain effects on 
electromagnetic waves. The study of rain effects on communication presented in this study relied solely on rainfall data 
collected from Nigeria Metrological Agency (NiMet) station in Lagos, Nigeria. The months for January to December for 
1981-2011 were summed together and the averages were determined. The average is then used to calculate the rain rate 
and rainfall attenuation using the extracted results for all the locations (Bauchi, Ikeja, Jos, Kebbi, Maiduguri and Warri). 
The results show that Warri has the highest rainfall rate followed by Lagos. Kebbi and Maiduguri has the least while Jos 
and Bauchi demonstrated moderate rainfall rates. This also deduced that attenuation has less impact on lower frequencies 
but increase with higher frequencies. The study reveals that at higher frequencies, the rainfall attenuation is observed to 
be greater. 
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Introduction 
Mobile communications are part of our everyday life, such as internet, satellite communications systems etc and 
such systems require a signal of higher performance. Systems can be degraded, particularly, in communication, due to 
absorption that causes attenuation in electromagnetic waves which equally limits the coverage of the system (Elfadil, 
2005). 
The electromagnetic spectrum, especially, 10 GHz embedded with throve of potentials such as large bandwidth capability, 
highly directive beams obtained with relatively small antennas, low transmitter power requirement, and better penetration 
of media with high ion density; some of these properties make those frequencies ideal for space communication systems. 
However, at certain frequencies above 5GHz, the absorption due to water vapour, oxygen and other gases do causes 
effect significantly on communication systems (Charles, 2001). 
The actual atmosphere (as opposed to free space) affects the amplitude, phase, and polarization of 
electromagnetic waves at short wavelengths. Among the physical phenomena that cause these effects are dispersive 
molecular absorption (the two main absorbers being water vapor and oxygen), refractive effects that cause amplitude and 
phase scintillations (rapid fading), thermal emission that increases the background noise level and scattering and 
absorption by hydrometeors (Charles, 2001). 
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Figure 1: Attenuation coefficient versus Frequency. 
Rain causes the most crucial effect in communication degradations and outage in any systems operating at 
frequencies above 5 GHz, except for certain applications, such as satellite communications. Water which freezes at 0
0
c 
are mostly in the form of water vapour in the air, and when the air temperature falls below  0
0
c the hydrometeors are 
formed as ice. Hence, the ice melts and falls as rain which causes effect in communication.  (Mike Willis, 2007). 
The actual atmosphere (as opposed to free to free space) affects the amplitude, phase, and polarization of 
electromagnetic waves at short wavelengths. Among the physical phenomenon that cause these effects are dispersive 
molecular absorption (two main absorbers being water vapour and oxygen), refractive effects that cause amplitude and 
phase scintillations (rapid fading), thermal emission that increases the background noise level and scattering and 
absorption by hydrometeors (Charles, 2001).  These phenomenon (scattering and absorption) causes rainfall attenuations 
in different regions of the spectrums.  This study considers the spectral range of 1 and 3GHz. At these frequencies, 
interesting phenomena due to rain are supposed to happen. The study of this frequency spectrum has been undertaken in 
an attempt to evaluate the frequency dependence of rain effects on electromagnetic waves. 
Nigeria is located in the tropics, latitude 100 00N and longitude 80 00E, unlike the temperate environments such 
as Europe and North America. Apart from the orographic rainfall, rain in most parts of Nigeria is convectional in making. 
The heating of the land in the mornings and afternoons causes convectional currents to set in motion. The rising of the 
warm air triggers off the formation of cumulonimbus clouds (hot tower cloud) or the thunderstorm cloud in the afternoons 
and evenings, and torrential rainfall follows (schools-wikipedia.org, 2015). Precipitation is heavy, between 1824mm to 
4000mm along the coast. The inland to hill and plateau region has the annual rainfall exceeds 2,500 mm as compared 
with the far north having annual rainfall below 1,000 mm in almost everywhere and in some places it is as low as 600 mm 
(bbc.co.uk, 2012, Crane, 1985). 
Stratiform and Convective Rain 
Two common rain types are convective rain and stratiform rain. At several kilometres, the convective flow which 
occurs in horizontal cell usually results in vertical atmospheric motion that could cause vertical transport and mixing of 
atmospheric elements. The cell may be isolated or embedded in a thunderstorm region associated with a passing weather 
front. Because of the motion of the front and the sliding motion of the cell along the front, the high rain rate usually only 
lasts for several minutes. These rains are the most common sources of high rain rate events (Nazar et al, 2005). 
Stratiform rain typically shows a stratified horizontal extent of hundreds of kilometers, durations exceeding one hour, and 
low rain rates of less than 25 mm/hr. For communication applications, stratiform rain occurs for sufficiently long periods of 
time that a link margin may be required to exceed the resulting attenuation.  
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 Raindrop size and shape 
In the millimeter-wave range of the radio spectrum both the shape and the size of the raindrop are important. In 
addition, for a particular raindrop, the drop shape will depend on its size and the rate at which it is falling. In order to model 
the effects of rain attenuation and scattering of radio-waves, rainfall is usually characterized by drop size distribution, N 
(D), which is defined as the number of raindrops falling per cubic meter, with drop diameters, D, in the range D to D+ dD. 
The drop-size distribution is a function of the rain rate, R, which is usually measured mm/hr. Other parameters include the 
fall velocity of the drops and, the time of the year. Model predictions of attenuation due to rain had been standardized in 
ITU-R P.838, 2005. 
 
Figure 2: Raindrop size and shape 
 Radio wave propagation 
Radio communication uses electromagnetic waves (EM) propagation through earth‟s atmosphere or space to 
carry information over long distances without the use of wire cable. 
Signal transmission in a radio system is based on converting the electrical signals generated by the transmitter into 
electromagnetic waves, propagation of waves in space and conversion back into electrical signals at the receiver side of 
the system (Jinan, 2010). 
The propagation channel, together with the antennas, constitutes the radio channel as shown in the Figure. The 
communication channel is described in terms of the bandwidth which determining the maximum information rate of the 
channel. The channel can introduce various kinds of distortion and delay into the signal.  
 
 
Figure 3: Radio and Propagation Channels (Jinan, 2010). 
 Rain Attenuation Prediction Models 
Methods for prediction of rain attenuation on radio wave path have been grouped into two categories: physical 
method and empirical method (Mukeshi, 2014). There are others various attenuation models like the Global (Crane) 
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Model, Initial Two-Component Model, and Revised Two Component Model are another model that can be used to predict 
rainfall attenuation (Kamal, 2010). 
Physical Methods 
Analytical models produce physical models that are involved in attenuation processes when some input 
parameters are required, these also give a physical process that ere involved in radio wave propagation (Ojo et al, 2008).  
 Empirical Method 
The data collected from database stations taken from different climatic zones were considered during the period 
of the research and referred to as empirical models.  
Calculation of Excess Path Attenuation 
The attenuation due to rain can be calculated using the relation: 
                            γ = aR
b 
     dB/km                  (1) 
Where γ is Rainfall attenuation (dB/Km), a is the multiplier coefficient and exponent, b is the power-law equation and R is 
the rain rate (mm/hr) a and b are constants provided in table 1 below: 
Table 1: Interpolated Regression coefficients Table for 1-6 GHz. 
f (GHz) a b 
1 0.0000387 0.912 
2 0.000154 0.963 
3 0.0003576 1.055 
4 0.00065 1.121 
5 0.001121 1.224 
6 0.00175 1.308 
Source: Table 10A.2 from (Adel et al, 1985) 
Simplified rain scatter model 
A simple model for bistatic rain scatter is shown below; it makes many assumptions to avoid complex mathematical 
derivations which require a solution of equation (2).  
𝑃𝑟 =  𝑃𝑡
𝜆2
 4𝜋 3
 
𝐺𝑡𝐺𝑟𝜂𝐴
𝑟𝑡
2𝑟𝑟
2 𝑑𝑉𝑎𝑙𝑙  𝑠𝑝𝑎𝑐𝑒            (2) 
𝑉 =  𝜋𝑑𝑟2 /4 ℎ𝑟            (3) 
Remembering hr is around 3km and𝑑𝑟  ~ 3.3𝑅
−0.08, for Heavy rain, 𝑅 = 50mm/hr or more, 𝑑𝑟  = 2.4km, V = 23 km
3
 
Bistatic radar equation was applied to calculate the scattered power. The power received by scatter from rain located at a 
distance 𝑑𝑟  from the receiver is related to the power transmitted 𝑃𝑡  at a distance 𝑑𝑡  from the rain by: 
𝑃𝑟
𝑠𝑐𝑎𝑡 =  𝑃𝑡
𝐺𝑡𝐺𝑟𝜆
2
 4𝜋 3𝑑𝑡
2𝑑𝑟
2 𝜎         (4) 
𝜎 is the scattering function. A useful model for 𝜎 is: 
10 log 𝜎 =  −22 + 40 log 𝑓  + 16 log 𝑟  + 10 log 𝑉 + 10 log 𝑆    (5) 
MATERIALS AND METHOD 
The experimental systems involved in the study and the procedures of data processing employed to isolate 
attenuation-induced fluctuations of received signal level from other causes of variations in the raw data. 
The nondeterministic nature of propagation phenomena such as rain attenuation necessitates extensive 
measurements to build up a statistically significant database in order to reliably predict and quantify the effects of these 
propagation factors to aid system design. The study of rain effects on communication presented in this study relied solely 
on rainfall data collected from Nigeria Metrological Agency (NiMet) station in Lagos, Nigeria.  
The months for January to December for 1981-2011 were added together (Table 2) and the average were 
determined (Table 3).The average is then used to calculate the rain rate and rainfall attenuation. The extracted results for 
all the locations (Bauchi, Ikeja, Jos, Kebbi, Maiduguri and Warri) were plotted on various graphs (Figures 5 - 10)  
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Table 2: Total Rainfall for all the six selected regions between 1981 – 2011 (mm/hr)
 
Table 3: The average rainfall for the six locations for the period of 1981-2011 (mm/hr) 
 
RESULTS AND ANALYSIS  
Empirical model is used to solve the rain attenuation using γ = aR
b
 (dB/km) with constants in Table 1. The reason for the 
choice of empirical model is because it is based on the data collected from database stations taken from different climatic 
zones during the period of the research for simplicity of the mathematical expressions. The excel calculation solver is used 
to solve all the data used in this study due to large data involved. 
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The figure above shows the rainfall statistics for the period of 1981-2011. It clearly shows that Warri has the highest 
rainfall rate (having average rainfall ≥ 400 mm/hr in July) followed by Ikeja and Bauchi with ≤ 300 mm/hr average rain rate 
between June - August. The two states fall in mangrove costal region and always have two season of rainfall per year. 
The average rainfall for Jos and Bauchi are closely related in rainfall rate. They are located in the middle-belt unlike Kebbi 
and Maiduguri which are located in the far north with less average rainfall with ≤ 200 mm/hr. 
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Figure 4: Curves shown the Rain rate for 1981-2011 
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Figure 5 shows rainfall attenuation and rain rate for Bauchi; which has its highest rain attenuation of 0.50 db/km at 
150mm/hr rain rate and ≤ 0.20 db/km at 150mm/hr rain rate. It is however, clear from the results that only the frequency 
5GHz that operates at the highest rain attenuation.  
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Figure 5: Rain attenuation for Bauchi 
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Meanwhile, Jos which lies within the same coast with Bauchi has its highest rain attenuation of ≥ 0.50db/km at 150mm/hr 
and least of ≈ 0.10 db/km. The results show that only 4 and 5 GHz attains between 0.1 – 1 db/km rain attenuation.  
 
 
Figure 7 indicated that the rain attenuation in Maiduguri is ranging from 0.01 – 0.24 db/km at 80mm/hr.  Maiduguri has the 
best rainfall attenuation due to low rainfall in the region.  
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Figure 8: Rain attenuation for Kebbi 
From the figure above, it shows that rain attenuation in Kebbi for the period considered indicated that the highest rain 
attenuation is ≤ 0.50db/km at 100mm/hr and least at approximately 0.05db/km.  
 
 
Figure 9: Rain attenuation for Ikeja 
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Figure 9 above shows the rain attenuation of Ikeja, having rain attenuation ranging from 0.01 - ≥ 0.60db/km at 170mm/hr. 
The rain attenuation here is a little higher than the other states discussed above. 
 
 
 
 
 
Figure 10 presents the rain attenuation of 0.02 - ≥ 1.20db/km at 300mm/hr, which of course shows a high variation in rain 
attenuation from other states in the this study.  
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Figure 10: Rain attenuation for Warri 
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Figure 11: Effects of Rain rate on 1GHz 
Figure 11 shows that attenuation has less impact on lower frequencies but increase with higher frequencies.  
 
 
Similarly, figure 12 displayed the effect of rainfall attenuation on frequency 3GHz for all the six states, where Warri has 
rain attenuation of ≥ 140db/km at 300mm/hr rain rate and Maiduguri having rain attenuation of ≤ 40db/km at 300mm/hr; 
while the other states ranging from 40 -80db/km rain attenuation at 300mm/hr rain rate; Which shows that rain attenuation 
has less impact on lower frequencies but increase with higher frequencies.   
0
1
2
3
4
5
6
7
8
5 10 25 50 100 200 300
Effects of  Rain rate on 1GHz
BAUCHI IKEJA JOS
KEBBI MAIDGR WARRI
R
a
in
 a
tt
e
n
u
a
ti
o
n
 (
d
B
/k
m
)
Rain rate (mm/hr)
0
20
40
60
80
100
120
140
160
5 10 25 50 100 200 300
Effects of  Rain rate on 3GHz
BAUCHI IKEJA JOS
KEBBI MAIDGR WARRI
R
a
in
 a
tt
e
n
u
a
ti
o
n
 (
d
B
/k
m
)
Rain rate (mm/hr)
                              Figure 12: Effects of Rain rate on 3GHz 
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Attenuation is evaluated with respect to rainfall rate. It was also shown in figure 6-11 that the higher the rainfall rate, the 
higher the attenuation. Warri has the highest rain attenuation. 
Conclusion 
The study has shown that rain causes attenuation of certain frequencies  is due to absorption and scattering. Rain 
attenuation in this research is modelled from data collected from Nigeria Metrological Agency, Lagos for different states. 
Rainfall attenuation that affects high quality mobile communication has been considered in this study. Planning wireless 
network for communication, demands the path loss and broadcast signal coverage for the location. The demand for 
increased data rates and greater bandwidths has required systems to use radio frequencies in the microwave bands. The 
study had shown that in today‟s wireless communications and satellite communications, it requires signals of higher output 
with higher gain, wider band width that cannot be easily attenuated. 
Since EM waves are most effected by scattering and absorption phenomena, these factors must be put into consideration 
for improving mobile links in Bauchi, Ikeja, Jos, Kebbi, Maiduguri and Warri.   
However, the effect of attenuation appears to be more pronounced with different rainfall rate; the results help find that rain 
rate and rain precipitation affect attenuation adversely. Attenuation is very high for higher rain rate. 
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      Figure 13: Effects of Rain rate on 1 and 3GHz 
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